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Alfalfa Seed Investigations and Other 
Crop Varietal Studies 
Millard County, Utah, 1929 to 1933 Inclusive 
George Whornham 
DELTA AREA, MILLARD COUNTY, UTAH 
Location 
The Delta Area, in which most of the alfalfa-seed investigations and 
crop studies reported in this bulletin were conducted, is located in Millard 
County which is in the west-central part of Utah. This area lies in the 
Sevier Desert, within the eastern boundary of the Great Basin in the north-
eastern part of the county. 
Parts of the area, particularly the farming sections near the towns of 
Oasis, Deseret, and Hinckley, have been among the oldest and most consist-
ent alfalfa-seed producing sections of the United States. The peak of al-
falfa-seed production in Millard County was reached in 1925, when approxi-
mately 14,000,000 pounds of alfalfa-seed was produced.s 
Area and Topography 
The farming districts of the Delta Area are scattered over approxi-
mately 118,000 acres. There are, however, but few more than 41,000 acres 
actually growing crops. 
The area is rather a smooth desert plain sloping toward the south, west, 
and north. The principal irregularities are the depressed channel of the 
Sevier River and occasional knolls and ridges in the southern and western 
parts of the area. 
The elevation ranges from 4565 to 4640 feet above sea level. The slope 
ranges from 5 to 20 feet per mile. 
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Climate 
The climate of the Delta Area is distinctly arid. The annual precipita-
tion is approximately 8 inches. The major portion of the moisture comes 
during the spring months in the form of rain. Snowfall is generally light 
and seldom covers the ground. 
The mid-summer season is usually hot and dry, with little or no rainfall, 
and with clear, sunny days. Nights are crisp and cool. Seasonal tempera-
tures vary from slightly over 100 0 F. during the summer to as low as 
_20 0 F. during the winter season. The last killing frost in the spring usually 
occurs during May and the first killing frost of the fall occurs during the 
latter part of September. Wind movement is usually high during spring 
and summer. Strong southerly winds often blow for days at a time, affect-
ing the water content of the irrigated soils . . 
Soils of the Area 
• 
The soils of the Delta Area4 have been developed under arid conditions. 
They are somewhat low in organic matter content and in alkali concentra-
tion, running from free to more than 1 per cent. The soils are derived from 
old lake-laid deposits, and although the deposits are supposed to have origin-
ated from non-carbonated rocks the soils possess a high lime content. In 
color, the surface soils range from light brown to dark gray, although the 
color is seldom sharply defined. 
A striking feature of the soils of the Delta Area is the high ratio of clay 
classes to the entire area.G About 85 per cent of the total area falls in the 
clay classes. Most of the soils of these classes have an unfavorable struc-
ture, baking and cracking after the application of water. The internal 
movement of water is retarded by the compact heavy subsoil. Topographic 
and soil conditions are not favorable for natural drainage except near the 
Sevier River Channel. 
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Purpose 
Following the season of 1925 there was a rapid decrease in the total 
annual yield of alfalfa-seed produced from practically the same acreage. At 
the close of the 1928 crop season, the decrease in seed yield had become so 
serious that a committee was appointed to meet with the State Legislature 
and to ask for help. Subsequently, the State Legislature made a special ap-
propriation to be used in determining, if possible, the cause or causes of 
alfalfa-seed failures in Millard County 
Experimental Work 
Early plans for experimental work in the Millard Area included irriga-
tion, cultivation, and spacing experiments of alfalfa. In addition, a study was 
'''Soil Survey of the Delta Area, U tah." By T. A. Strahorn, H. Stucki, and D. S. Jennings. 
U. S. Dept. Agr. Bureau of Soils, Advanced Sheets: Field Operations of the Bureau of 
Soils, 1919. 1922. 
5"Drainage and Irrigation, Soil, Economic, and Social Conditions, Delta Area, Utah": 
Division 2-Soil Conditions. By D. S. Jennings and J. D. Peterson. Utah Agr. Exp. Sta. 
Bul. 256. 68 pp. 1935. 
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to be made of the methods of production as exhibited on the successful farms 
throughout the seed area. Both production and harvest data were to be 
studied in a variety of ways and every effort made to arrive at a conclusion 
as to the important factors influencing the successful growing of alfalfa-
seed. 
Since no experimental farm was established in this section, as was the 
case in the Uintah Basin, it was necessary to rely upon the cooperation of 
interested seed farmers. The Millard seed area was accordingly divided 
into ten districts. In each district a complete set of irrigation, cultivation, 
clipping, and spacing experiments was carried out. Seventy-eight farmers 
cooperated in conducting the various experimental treatments. 
Each district had four or more farms under special treatment.. One of 
these four farms received irrigation, another cultivation, the third clipping, 
and the fourth spacing treatments. Farm practices were carried out in the 
same manner as is normally followed on the respective farms. Each experi-
mental treatment was replicated once for a check. Twelve dykes were used 
to carry through each set of experiments. 
Dykes were used because they were already in existence, due to the 
method of irrigation practiced in the Delta Area. The dykes divided the 
farms into permanent plats of approximately the same dimensions. These. 
dykes were more representative of field conditions as they represented th~ 
unit on which farm practices were ordinarily carried out. Smaller plats; 
unless replicated several times, do not represent field conditions and may not.; 
be affected by all factors influencing crop production. 
Considerable seed is lost, due to harvesting methods, this loss varying 
with harvest practice. For greater accuracy, harvest data were taken by the 
square yard method. This method consisted of taking a specially made square 
yard measure and throwing it at random in the dykes from which yield data 
were desired. Wherever the measure fell, the alfaJfa within that measure 
was cut and kept for threshing. Five samples, about equal distance from 
each other, were taken from diffeI;ent places in the same dyke. By taking 
five such samples from each dyke, a fair average sample of the alfalfa-seed 
grown on the dyke was obtained. The approximate acre-yield was obtained 
by multiplying the total amount of seed from the five samples by 1000. 
After the samples were thoroughly dried, the burs were stripped off the 
stalks and shipped to the Uintah Basin Alfalfa-seed Experimental Farm at 
Fort Duchesne for threshing. Yields obtained by this method were much 
higher than those obtained by the individual farmer. An explanation for 
this is given under the topic, "Study of Field Practice." 
Irrigation Experiments 
Irrigation treatments were as follows: 
Dykes Nos. 1-7-0ne irrigation: Either in the spring or in the fall. 
Dykes Nos. 2-8-Two irrigations: The first in the spring; the sec-
ond when burs began to form. 
Dykes Nos. 3-9-Two irrigations: The first in the fall; the second 
just before clipping. 
Dykes Nos. 4-10-Two irrigations: The first in the early spring;. 
the second immediately after clipping. 
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Dykes Nos. 5-11-Three irrigations: The first in the early spring; 
the second immediately before clipping; and the 
third immediately after clipping. 
Dykes Nos. 6-12-Four or more irrigations. 
Table 1 indicates (1) number of irrigation treatments, (2) time of treat-
ment, (3) number of farms from which data were collected, and (4) average 
acre-yield in pounds. 
Table I-Showing number and time of irrigations, number of farms from which data were 
obtained, and average acre-yield (in pounds). 
Irrigations No. Average Acre-yield 
No. Time Farms· (lbs.) 
1 Spring or fall 12 203.10 
2 1st-spring 
2d~beginning bur 5 146.65 
2 1st-fall 
2d-before clipping 5 143.30 
2 1st-early spring 
2d-after clipping 4 108.69 
1st-early spring 
3 2d-before clipping 4 142.24 
3d-after clipping 
4 or more 2 80.53 
·Treatment, except for the application of either fall or spring irrigation, was applied 
uniformly on ten farms. Data were not coHected · on all farms, however, since in many cases 
seed yields were too poor for harvesting. 
There are four irrigation canal systems in the Delta Area. Each canal 
receives either primary flow or storage irrigation water from the Sevier 
River. Because of decreed rights, farms under two of these canal systems 
can irrigate early in the spring . . Farms under the other two canal systems 
do not usually receive irrigation water until late spring.6 In normal years 
late fall irrigation can be applied on most farms. This explains the reason 
for late fall and early spring irrigation treatments. From Table 1 it is 
observed that dykes receiving one irrigation applied in late fall or early 
spring produced 38 per cent more seed than did those dykes receiving more 
applications of irrigation water. 
If two irrigations are to be applied, the first should occur in the late 
fall or early spring. The second irrigation should be applied at the 
beginning of bur. If applied earlier, it should be-done before the first crop 
of hay is cut. When the second irrigation is applied, just after the first 
crop of hay is harvested, it tends to stimulate excessive and rapid vegetative 
growth, which results in lower seed yield. 
These experiments were conducted during a period when seed failures 
were general throughout the area. It is doubtful if in normal years appli-
cations of irrigation water would show such a marked difference in yield. 
The proper amount of soil moisture has long been regarded as one of the first 
essential conditions for successful alfalfa-seed production. The moisture 
8"Drainage and Irrigation, Soil, Economic, and Social Conditions, Delta Area. Utah": 
Division I-Drainage and Irrigation Conditions. By O. W. Israelsen. Utah Agr. Exp. Sta. 
Bul. 255. 70 pp. 1935. 
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condition of the soil which produces the best seed is apparently a somewhat 
limited water-supply. However, there must be sufficient moisture for the 
plant to function properly during blooming and seed-forming time. 
Cultivation" Experiments 
Cultivation ' treatments given were as follows: 
Plats Nos. 1-7-Fall burning (stubble burner used) 
Plats Nos. 2-8-Spring burning 
Plats Nos. 3-9-Fall cultivation (spring-toothed) 
Plats Nos. 4-10-Spring cultivation (spring-toothed) 
Plats Nos. 5-11-Deep disking in spring 
Plats Nos. 6-12-Subsoiled in spring 
Table 2 gives cultivation treatments, number of farms from which data 
were obtained for each treatment, and average acre-yield (in pounds). 
'Table 2-Showing different treatments, number of farms from which data were collected. 
and average acre-yield (in pounds). 
Fall, burning 
Spring, burning 
Treatment 
Fall, spring-toothing or disking 
Spring, spring-toothing or disking 
Spring, deep disking 
Subs oiling 
No. 
Farms· 
3 
3 
4 
8 
6 
4 
Average Acre-yield (lbs.) 
28.68 
22.23 
16.17 
108.84 
152.79 
104.57 
·Treatment, except for the application of either faU or spring irrigation (Table 1), was 
applied uniformly on ten farms. nata were not collected on all farms, however. since in 
many cases seed yields were too poor for harvesting. 
In addition to common cultivation practices, treatments included burn-
ing and subs oiling of plats left for seed. Burning was done with a stubble 
burner. Although growth was delayed for more than a week, the burned 
dykes, after starting to grow, rapidly overtook the unburned alfalfa and 
made a better total growth. Yield of forage was greater, but yield of 
seed from burned dykes did not pay the cost involved. Apparently, the 
stimulation caused rapid and excessive growth, which usually resulted in 
poor seed yields. 
Subs oiling was done with a specially made plow. The depth of sub-
soiling was about 18 inches. A tractor could not pull the plow at greater 
depth. Subs oiling loosened the soil and allowed more irrigation water to 
be absorbed. Vegetative growth was stimulated, probably due to better 
aeration. Yields obtained from this practice would not justify the additional 
cost. 
Deep disking, if followed once in three or four years, seems practicable. 
However, continuous deep disking thins out the stand and injures the crown" 
and root to such an extent that decay sets in, with resulting weak plants. 
Cultivation is recommended only for the control of weeds on the individ-
ual farm and as a means of insect control where the majority of farmers 
in a section make a general practice of cultivating. 
Clipping Experiments 
Clipping treatments included: 
Plats Nos. 1-7-Clipped when 6 to 8 inches tall 
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Plats Nos. 2-8-Clipped at bud stage 
Plats Nos. ' 3-9-Clipped at beginning of bloom 
Plats Nos. 4-l0-Clipped at full bloom 
Plats Nos. 5-11-Not clipped (1st cutting left for seed) 
Plats Nos. 6-l2-Pastured with sheep (until June 1) 
Table 3-Showing time of clipping, number of farms from which yield data were taken. 
and average yield (in pounds). 
Time of Clipping No. Farms· Average Acre-yield (lbs.) 
6 to 8 inches in height 
Bud stage 
Beginning of bloom 
Full bloom 
First crop left 
Pastured and left 
5 103.25 
8 165.23 
6 119.28 
2 100.41 
7 146.08 
10 141.00 
• Treatment, except for the application of either fall or spring irrigation (Table I), was 
applied uniformly on ten farms. Data were not collected on all farms, however, since in 
many cases seed yields were too poor for harvesting. 
Cutting one crop of hay and leaving the second crop for seed is the 
common practice followed in the Millard County seed area. During the past 
few years an increased acreage in the Millard Area has been pastured with 
spring lambs until May 15. The alfalfa has then either been left for seed 
or a crop of hay has been cut, with the chance taken that seed would 
mature before the first killing frost. 
Table 3 shows that clipping at the bud stage, pasturing to May 15, 
01' leaving the first crop is most favorable for seed -production. Pa.sturing 
until May 15 or 20 is equivalent to the bud stage. In addition to increased 
seed yield, clipping at the bud stage insures a fair crop of hay of good 
quality. 
It is questionable if leaving the first crop for seed is economical, as 
the first crop of hay is more valuable than the increased seed. Only where 
there is a ~hortage of irrigation water to mature a crop of hay is it advis-
able to leave the first crop for seed. Too close pasturing with sheep results 
in weed infestation and in thinned stands. If pasturing is rotated and 
grazing is not too close, no harmful effects are apparent. 
Spacing Experiments 
During the last few years of drought, it has been observed, and often 
remarked, that the thinner alfalfa stands have seeded better than the 
heavier stands. With this observation in mind, an attempt was made to 
compare thin and thick stands as well as alfalfa so spaced as to leave it in 
wide and narrow hills and in wide and narrow rows. 
Spacing treatments were as follows: 
Plats Nos. l-7-Left in solid stand 
Plats Nos. 2-8-Left in thin stand 
Plats Nos. 3-9-Alfalfa stand so cut as to leave it in narrow rows 
Plats Nos. 4-10-Left in wide rows 
Plats Nos. 5-11-Left in narrow hills 
Plats Nos. 6-l2-Left in wide hills 
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Table 4-Showing spacing treatment, number of farms on which data were obtained, and 
average acre-yield (in pounds)_ 
Spacing Treatments: 
Stand, Width of Rows and Hills 
Solid stand 
Thin stand 
N arrow rows, 18 inches 
Wide rows, 24 to 30 inches 
Narrow hills, 18 inches each way 
Wide hills, 24 to 30 inches each way 
No. Farms· 
8 
8 
2 
2 
2 
2 
Average Acre-yield 
(lbs.) 
143.9 
169.69 
202.24 
123.77 
92.78 
108.39 
. *Treatment, except for the application of either fall or "spring irrigation (Table 1), was 
applied uniformly on ten farms. Data were not collected on all farms, however, since in 
many cases seed yields were too poor for harvesting. 
It will be noted that thin alfalfa stands produced approximately 17 per 
,~ent more seed than did solid stands. The thin stand represented a stand 
:where the plants were one foot or more apart; the solid stand represented 
a regular alfalfa sod. Data, other than from thin and solid stands, were 
limited. 
Hilling and rowing an old-established alfalfa stand was not practical. 
New plants continued to grow from split crowns. Apparently, it is much 
better to plant the alfalfa in hills and rows than to attempt to plow old 
stands which have become adapted to the soil. 
During 1930 and 1931 alfalfa was planted in hills and rows for seed 
production. Data collected indicated that alfalfa grown in hilis or " rows 
spaced about 3 feet ,apart tends to set seed better than alfalfa grown in 
solid stands. Thin planting of alfalfa at the rate of 1 to 2 pounds to the 
acre also tends to set seed better than solid stands. 
The real reason for a better seed yield on thin stands is not known; it 
may be due to a better environmental condition. During the past few 
years it has been evident that spaced alfalfa plants and thin stands have 
set seed better than solid stands. However, when condit~ons are right for 
'seed-setting, solid stands produce more seed than thin alfalfa stands. 
In order to insure a cash crop in a section similar to the Delta Area, 
farmers should plant from 5 to 10 acres of their alfalfa in rows, spaced 
'approximately 3 feet apart for seed production. Although this wil~ never 
.insure a bumper crop, a profit can be realized, even in years like the past 
few when seed failures have been common in every locality. 
Fertilizer Investigations 
Once planted, alfalfa in the Millard Area has remained from 10 to 40 
years without being plowed up and reseeded. This practice suggested the 
possibility that fertilizers might stimulate seed-setting and growth. Fertil-
izers were accordingly used on six farms. Before placing the fertilizers on 
these farms, soil samples were taken for analysis. 
Fertilizers were so placed that a plat of approximately 1000 square 
feet was covered at the rate of 3000 pounds to the acre. One plat received 
5 pounds of treble superphosphate; a second plat received 2.5 pounds of 
ammonium sulphate and 2.5 pounds of treble superphosphate; a third 
plat received 2 pounds of ammonium sulphate, 2 pounds of treble super-
phosphate, and 1 pound of potassium chloride. 
The plats were carefully watched throughout two seasons. In "no case 
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were any visible results evident. Check was made from plats on weight 
of fodder and weight of seed; there was no difference in weight of either 
fodder or seed from fertilized and unfertilized plats. 
On new land in the Delta Area it usually takes several seedings before 
an alfalfa stand is assured. This is partly due to baking and cracking of 
the surface soil, with resultant destruction to young alfalfa roots. The 
amount of soluble salts found on new land also has much to do in retarding 
young alfalfa plants. 
In order to counteract the rather bad physical and chemical condition of 
the soil, flowers of sulphur were applied on several plats. The application 
of sulphur seemed to give a better tilth to the surface soil, and better 
stands of alfalfa were obtained on plats receiving sulphur. However, it 
must be stated, the experimental work closed before any conclusions could 
be drawn regarding the use of sulphur. There is a possibility that sulphur 
can be used to a good advantage in this area. However, no recommendation 
should be made until further work is done. 
Table 5 shows the field response to soil samples, by the Winogradski 
test, samples b~ing taken before the application of fertilizers. 
Table 5-Analysis of soil samples, by Winogradski test, Millard County, 1930-31. 
Cooperator and Locality Crop Winogradski Test· Nitrates I I Field Response to I P \ Check I P \P+lnoc. (p.p.m.)1 
A. A. Hinckley (Hinckley) I Alfalfa I None 2 2 4 60.0 
George Christensen (Oasis) " " 0 2 3 23.0 Stern's Ranch (Abraham) " " 1 4 - 25.0 Amos Maxfield (Cropper's Lane) " " 0 2 2 4.0 
Owen George (Delta) " " . 1 1 4 12.0 
G. A. Robinson (Hinckley) " " 0 2 2 0.0 
·Treatment, except for the application of either fall or spring irrigation (Table I), was 
applied uniformly on ten farms. Data were not collected on all farms, however. since in 
many cases seed yields were too poor for harvesting. 
This test indicates that the soils in the Delta· Area are low in phosphorus 
and nitrogen. Soil inoculation was also tried and found to be of value in 
obtaining better alfalfa stands. 
Barnyard manure, when applied to the soil, neither rots nor decays 
readily. For the first few years after applying manure, physical benefits 
are more apparent than are chemical. The manure tends to make the heavy 
soils of the area less compact. Soil bacteria are low in number, which per-
haps accounts for the degree of slowness in the decay of manure. The 
relatively high alkali concentration is no doubt the cause of limited soil 
bacteria. 
Influence of Climate on Alfalfa-Seed Yield 
In any seed area there are "good" and "bad" seed years, but even the 
most observant grower has been unable to explain this difference. All he 
knows is that in some seasons seed set quickly and abundantly in all parts of 
the section, irrespective of treatment; in other years, the bloom~ fall, al-
though the treatment, apparently, had been the same as given in other 
years. Some attribute these "off" years to hot dry winds at flowering 
time, others to periods of cloudy weather; still others attribute it to the 
work of insects. There is great diversity of opinion concerning this among 
lp.p.m. = parts per million. 
There was no phosphorus response and nitrogen was below normal. 
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those who have actually been engaged in seed production for a great many 
years. 
Production of seed in anyone locality over a long period of years, no 
doubt, is due in large measure to the favorable climate possessed by any 
particular locality. It is equally true that weather may be the major factor 
affecting the annual yield as well as the chief cause of so-called "good" 
seed years or "poor" seed years. However, during recent years it is 
difficult to believe that climate and weather are the major factors causing 
continuous seed failures in the Millard Area. Climate itself has not 
materially changed during this period, certain seasons having been as ideal 
for the setting of seed as any season previous to 1928. 
Table 6 gives the year, the date of the first killing frost, and the 
temperature as recorded at the Deseret Station for the years 1920 to 1932, 
inclusive. 
Table 6--Showing year, date of first killing frost, and temperature, Deseret Station, Millard 
County, 1920-35, inclusive. 
Date of First Temperature 
Year Killing Frost (OF) 
1920 September 25 23 
1921 " 17 29 1922 October 7 28 
1923 " 12-13 30-27 
1924 September 22 28 
1925 " 30 25 
1926 " 11 22 
1927 " 30 28 
1928 " 14 28 
1929 " 29 28 
1930 " 25 29 
1931 " 24 29 
1932 " 11 29 
In Table 7 is indicated the year, the average mean temperature for 
July and August, total rainfall, number of rainy days, number of cloudy 
days from July 10 to August 20, inclusive, and total yield of seed from 
1920 to 1932, inclusive. 
Table 7-8howing year, average mean temperature for July and August, number of windy 
days, number of cloudy days, number of rainy days, and amount of precipitation 
from July 10 to August 20 of each year, as well as total annual yield of seed. 
Year 
Average Mean I I No Part I Temperature (OF.) No. Clou"dy and No. 
I Windy Cloudy Rainy July August Days Days Days 
1920 1 1.0 13 15 5 
1921 73.6 73.4 4 17 5 
1922 73.2 73.4 6 19 4 
1923 73.4 69.8 4 20 5 
1924 73.8 70.6 17 12 2 
1925 73.4 69.6 7 25 4 
1926 71.8 70.4 11 22 4 
1927 73.6 69.5 8 20 5 
1928 74.6 69.2 5 24 2 
1929 74.6 72.2 7 24 7 
1930 73.6 71.4 ? 11 3 
1931 78.7 72.1 6 24 3 
1932 72.0 72.8 32 24 5 
IData not avaIlable. 
Precip-
itation 
(in.) 
0.53 
0.96 
0.95 
0.98 
0.30 
0.76 
0040 
0.60 
0.83 
1.07 
1.13 
0.60 
1.10 
Annual 
Yield of 
Alfalfa 
(lbs.) 
2,250,000 
4,500,000 
5,100,000 
7,000,000 
9,600,000 
14,000,000 
9,000,000 
6,200,000 
3,200,000 
2,100,000 
750,000 
800,000 
165,000 
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Insect Studies 
For several years, Millard County farmers have suspected various insect 
pests of causing poor alfalfa-seed yields. A study of insects in relation to 
alfalfa-seed production was initiated in Millard County in 1930 under the 
direction of C. J. Sorenson, Associate Station Entomologist. 
During the seasons of 1930 and 1933, inclusive, population counts were 
taken at 10-day intervals during the months of May, June, July, August, and 
September. Twenty-two representative alfalfa-seed farms were swept 
during this 4-year period, the following counts being made: Alfalfa aphis, 
tarnished plant bug, superb plant bug, thrips, chalcis fly, weevil, green 
stinkbug, and grasshopper. 
When numerous, these insects did considerable damage to alfalfa-seed 
crops, this damage usually being in proportion to number of insects present. 
During any particular season insects may be a contributing factor in seed 
production, but from data collected it would seem that insects have not been 
the controlling factor in causing alfalfa-seed failures in the Delta Area. 
Some fields were infested to a greater extent than others. No significant 
correlation coefficient was apparent between insect numbers and seed yield. 
The chalcis fly, apparently, has always caused some loss in seed yield, 
this loss varying with the number of flies prevalent during any crop season.' 
From observations made, it would seem advisable for seed growers to select 
either first- or second-crop alfalfa for seed. In the Delta Area, second-crop 
alfalfa should be left because it means a shorter breeding season for the 
chalcis fly. Lack of irrigation water later in the season makes it more profit-
able to cut the first crop for hay and to leave the second for seed. First-
crop hay is always more valuable for livestock feed. No increase in yield of 
first-crop seed over second-crop seed can compensate for loss in hay value. 
While carrying forward the cultivation experiment, chalcis-fly-infested 
seed was placed on certain plats. It was found that when seed was covered 
to a depth of 2 inches or more, or when the stubble burner was used, 
approximately 95 per cent of the larvae were destroyed. 
When numerous, superb plant bugs, tarnished plant bugs, and green 
stink bugs do considerable damage. They suck the sap from the seed 
stems, causing the stems to wither and fall. Stink bugs, in particular, 
when numerous, may completely destroy a seed crop. If the seed stems do 
not fall, the seed becomes so sunken and withered that it resembles blighted 
or blasted seed. 
When abundant, the alfalfa weevil does considerable damage to first-
crop fiower buds and may even feed on second-crop growth, eating the buds 
to the extent that seed chances are almost negligible. 
Since both thrips and aphids are so small, great numbers must be pres-
ent on any crop to cau'se much damage. It is doubtful if they have ever 
been so numerous as to cause any degree of damage to the seed crops of 
the Delta Area. 
Seed growers in the Delta Area have often suspected the honeybee of 
causing damage. So far as could be ascertained from experiments con-
ducted, the honeybee does no harm, unless the driving out of the native 
ground-bee can, be classed as harmful. The native ground-bee does some 
'''Insects in Relation to Alfalfa-seed Production". By C. J. Sorenson, Utah Agr. Exp. 
Sta. Cir. 98. 28 pp. 1932. 
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tripping of blossoms, and, in the past when numerous, may have aided 
seed-setting by insuring a higher percentage of tripped flowers. 
That the ground-bee aids tripping was definitely noted in one isolated 
seed district. In this district, counts of the ground-bee showed as high as 
70 bees to 100 strokes of the insect net. The nu/mber of tripped flowers 
was approximately 10 per cent. Throughout the main seed area, the 
percentage of tripped flowers during the same period was less than 0.5 
of 1 per cent. . 
Honeybees do little or no tripping of bloom. It should be stated that 
normally only a small percentage of blossoms trip. During "good" seed 
years, alfalfa buds go into the bur without coming into full bloom. This 
means that self-pollination normally takes place. During the past few 
years most of the alfalfa fields have come into full bloom, with the blossoms 
hanging for several days. It is probable that for some reason, self-pollina-
tion did not take place, as shown by the great number of blossoms that 
. came into full bloom and fell without going into bur. A check on thousands 
of flowers showed that if individual flowers remain in full bloom longer · 
than four or five days they rarely go into the bur. 
Native crickets do considerable damage to the ripe seed when left too 
long in the cock. Crickets cause many burs to fall; others are open, 
allowing the seed to shatter. 
Seed Production on Successful Farms 
As indicated under irrigation, clipping, spacing, and cultivation experi-
ments, some treatments, contribute to better seed yields. Seed growers are 
agreed that severe fluctuation in the moisture content of the soil is harmful 
to the seed crop. Most successful seed farmers are of the opinion that a 
somewhat limited water-supply is best for seed production. The water-
supply, however, must be sufficient for the plant to function properly 
during the blooming period and at the time the seeds are forming. 
On the more successful farms, the usual practice is to cultivate suffi-
ciently to kill weeds and to hold insect numbers to a minimum. 
A study of harvest practices has indicated that considerable seed is 
lost from the time of cutting until the seed is threshed. Harvesting should 
be done with rollers or sheeting attached to the cutter-bar. This allows 
the alfalfa-seed to be gathered into the cocks with a minimum amount of 
shattering. When the alfalfa is short, an extra leaf between each roller 
leaf makes it possible to gather most of the alfalfa. 
Alfalfa-seed should be harvested when about two-thirds of the burs 
have turned brown but before they are black. At this stage, the seed is 
sufficiently matured to insure a minimum of shattering and the color is 
usually brighter. This is important as the brighter seed usually brings a 
better price. 
The crop should be put into small cocks and as soon as sufficiently 
dried should be threshed. It is better to stack alfalfa burs than to leave 
them too long in the cocks. As little handling as possible prevents loss 
from shattering. If cocks are left too long, considerable loss results from 
rain and dew. Repeated wetting and drying of seed burs cause them to 
open. 
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That considerable loss takes place from the time of ~utting of alfalfa-
seed until threshing was shown from irrigation, cultivation, clipping, and 
spacing experiments. On the 51 farms from which yield data were collected 
by the square-yard method, it was found that the average acre-yield was 
156 pounds per acre. A check on the same 51 farms after threshing showed 
an average yield of 70 pounds. Yields would naturally be higher by the 
square-yard method, since only small sections of the entire field are har-
vested: However, this vast difference indicates that considerable loss takes 
place before the seed is finally in the bag. 
Alfalfa-Seed Production as Related to Soil Type 
. It has often been observed by seed growers that some farms are better 
producers of alfalfa-seed than others, regardless of methods used in pro-
duction. In order to determine whether or not certain farms were better 
producers than others, crop-production data were obtained from individual 
farmers, seedhouses, and threshing machine records. Data covering an 
8-year period were obtained for more than 100 farms. A study made of 
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Figure I-Relationship between soil types and aifalfa-seed yield (bushels per acre), Delta 
Area, 1924-32, inclusive. 
Table 8-Showing the number of farms in each soil type, average annual acre-yield (bushels per acre) from 1924-31, and average yield for the same 
8-year period 
Soil Type 
Abbott clay 
Woodrow clay 
Gordon clay , 
Woodrow clay loam 
Oasis clay 
Cache s. c. 1.1 
Oasis s. c. 1. 
Oasis :t. s. 1.2 
Average Annual 
Yield (bus.) 
1Silty clay loam. 
2Fine sandy loam. 
F 
8 
1 
16 
4 
23 
11 
10 
5 
1924 1925 
Y F Y 
2.6 8 5.0 
5.3 2 7.8 
5.2 22 6.5 
7.7 5 7.1 
6.2 30 7.0 
6.3 12 10 
3.7 10 5.5 
5.4 5 5.1 
5.35 8.86 
F = No. farms from which data were obtained. 
Year 
1926 1927 1928 
F Y F Y F Y 
8 4.1 11 2.8 14 1.9 
2 3.0 2 2.1 3 1.1 
23 5.5 19 2.5 20 1.5 
6 5.3 7 3.4 6 2 
28 6.3 29 4.3 25 2.7 
10 5.6 10 6.0 9 3.4 
10 4.6 13 4.1 12 3.2 
6 3.9 6 2.9 7 1.1 
5.26 3.5 2.04 
---
Y = Average yield (bushels) from the number of farms listed for respective year. 
8-year 
1929 1930 1931 Average 
F Y F Y F Y (bus.) 
13 0.8 7 1.2 9 0.9 2.4 
3 1.0 3 0.7 2 0.8 2.7 
17 0.7 14 0.7 9 1.0 2.9 
7 1.6 6 0.9 4 1.9 3.7 
26 1.2 15 1.3 16 1.3 3.8 
8 1.5 6 1.1 7 0.9 4.3 
16 1.6 9 1.3 8 1.1 3.1 
6 1.2 3 0.7 3 1.0 2.7 
1.14 1.02 1.10 
> 5 
~ 
e 
...... 
2! 
;3 
rn 
::! 
~ 
::! 
o 
2! 
rn 
~ 
CI1 
16 UTAH E XPERIMENT STATION BULLETIN No. 268 
these seed farms indicated that field methods practiced were practically the 
same on most farms. The yield, however, varied greatly, yield data show-
ing some farms to have been more consistent in producing seed than others. 
Field practices being nearly the same, it was assumed that the soil 
must have something to do with difference in seed yield. Farms having 
the same soil type as shown in the Delta Area soil survey (1919)8 were 
grouped together. These more consistent farms fell into distinct soil types. 
From data presented in Table 8 and in Figure 1, it is evident that the finer 
textured clays have not been as consistent producers of alfalfa-seed as have 
medium-textured clays. Likewise, soils of coarser texture, particularly the 
silty clay lqam and the fine sandy loam of the Oasis series, have also been 
poor producers. The average range in yield was from 2.4 bushels per acre 
on Abbott Clay to 4.3 bushels per acre on Cache silty clay loam, or a differ-
ence of about 80 per cent more seed on the medium-textured soil. These 
data covering both "good" and "bad" seed years, indicate that in all proba-
bility certain farms in the Delta Area have always been better seed farms 
than others and that in general the best seed farms are those whose soil 
is of medium texture. 
Physical Properties of Soils as Related to Yield 
Since certain classes of soil are better for alfalfa-seed production than 
others, it is natural to assume that soil properties must influence seed 
production. A study was, therefore, made of physical properties as related 
to alfalfa-seed yield. 
The index of friability and coefficient of shrinkage are the best meas-
ures for determining the physical properties of soils.9, 10 
The term "friability," as used in this paper, refers to that character-
istic of soils which has to do with ease of crushing, crumbling, or rubbing 
apart of the particles of which it is composed. Friability is a definite 
characteristic of a soil and lends itself to measurement. 
In order to determine the relationship between friability and seed 
yield, soil samples were gathered from each of the eight soil types of the 
Delta Area. Where possible, samples were obtained from eight farms in 
each soil type. Ten borings were made on each farm. A composite sample 
was made, consisting of the ten first-foot borings, one consisting of the 
ten second-foot borings, etc. 
The method used in determining index friability consisted of grinding 
each soil sample to a fairly fine state and then running it through a 1 mm. 
sieve so that respective structures might be comparable. The soil was ' 
then mixed with distilled water, made into a stiff mortar, ' and molded into 
small cylinders, 2.7 cm. in diameter by 3.37 cm. in length. The apparatus 
used for molding consisted of a hollow steel cylinder supplied with an 
aluminum piston, with a threaded cap in the lower end. The length of the 
cylinder was regulated by means of the threaded cap and the piston. After 
pressing the soil into the mold, the cap was removed and the sample forced 
out by means of the piston. 
8See Footnote 4. 
9"An , Index of Friability of Soils." By Oswald Christensen. In Soil Science, 29 :119-135. 
1930. 
10"The Effect of Replaceable Bases on the Physical Properties of Soils with Special 
Reference to the Effect of Replaceable Calcium and Sodium on Index of Friability." By 
D. H. Webb, D. S. Jennings, and J. D. Peterson. In Soil Science, 41 :13-24. 1936. 
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Six soil cylinders were molded from each soil sample. To determine 
the percentage of moisture in the mortar, the first and last cylinders were 
weighed as soon as molded. Trial and error have shown that a more exact 
crushing strength can be obtained when the moisture percentage runs from 
20 to 40 per cent, depending upon the soil texture. 
To "season" soil cylinders, they were placed over water for 24 hours 
in a closed vessel, then removed, placed in the soil oven and heated to a 
temperature of 110 0 c. for 24 hours. When taken from the oven they 
were weighed, the diameter and length measured, the area and volume cal-
culated, and the cylinders crushed in a specifically made machine. 
To determine the index of friability, the formula CW / A was used, CW 
being the average crushing strength and A the area. For example, if the 
average crushing strength is 770 kilograms and the area 4.75 sq. cm., the 
formula CW / A = 770/475 = 162.11, which is known as the breaking 
strength per unit area. The reciprocal of the breaking strength per unit 
area equals a figure, which multiplied by 1000, is called index of friability, 
e.g., 1/162.11 = 6.16. 
The term "shrinkage coefficient," as used, refers to the percentage of 
shrinkage that takes place when the soil cylinder is oven-dried. Shrinkage 
coefficient was calculated by subtracting the volume of the dry soil cylinder 
from the volume of the wet soil cylinder. This difference was divided by 
the volume of the wet soil cylinder and multiplied by 100. For example, 
the soil cylinder before being placed in the soil oven had a volume of 19.3 cc. 
If the volume of a soil cylinder after drying was 13.11, shrinkage would be 
6.19. This figure divided by 19.3 equals 32.07 per cent. 
By this system of measuring physical properties, clay soils have a low 
index of ' friability and a high coefficient of shrinkage. Soils at the coarse 
end of a textured grouping have a high index of friability and a low 
coefficient of shrinkage. 
In response to the question of the relationship existing between seed-
yield and index of friability, indexes of friability for the three zones, con-
sisting of the first 3 feet of soil, have been worked out for 58 farms. To 
study this relationship, crop data from the best seed year (1925) and from 
one of the poorest seed years (1932), as well as an 8-year average, were 
used. Since the alfalfa plant is deep-rooted, the average index for the 
three zones was used. 
A simple correlation coefficient for the 1925 yield of seed and index _ 
of friability was: r = 0.4507 + 0.1054; on a percentage basis, r = 0.4653 
+0.103. The simple correlation coefficient for the 8-year average yield and 
index of friability was: r = 0.5295 + 0.0923; on a percentage basis, 
r = 0.6735 + 0.077. 
A significant relationship is shown between the 8-year average seed 
yield and index of friability. A fairly significant relationship is shown 
between the 1925 seed yield and index of friability; however, there is no ' 
correlation for 1932. 
In order to make a more complete study of the relationship existing 
between seed yield and index of friability, the average index has been 
compared graphically with the 9-year (1924-32, inclusive) average seed yield 
for the eight principal soil types of the Delta Area (Figure 2), as well as 
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with the six soil types now most commonly used for agricultural purposes 
in this area (Figure 3). Both show a relationship between index of friability 
and the H-year average seed yield for those soil types with a low or medium 
index of friability. However, this relationship does not exist for the 
coarser textured soils of the Oasis series, which is to be expected. Farms 
with soils of the coarser texture (Oasis silty clay loam and Oasis fine sandy 
loam) require more irrigation water, which subsequently has meant the 
abandonment of many farms during years of drought. If sufficient irriga-
tion water had been available during these past few years, it is questionable 
what would have been the relationship between seed yield and index ·of 
friability of the coarser textured soils of the Oasis series. Farms in the 
Delta Area, with soils of coarser texture, have suffered severely from 
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Figure 2- Relationship between alfalfa-seed yield (bushels per acre) and index of friability 
on eight soil types, Delta Area, 1924-32, inclusive. 
drought during the past few years, many of these farms having since been 
- abandoned due to water shortage. 
A significant correlation was obtained between the shrinkage coefficient 
and the seed yield. Correlations between index of friability and seed yield 
and between shrinkage coefficient and seed yield indicate that physical soil 
properties are factors influencing seed yield. They are, however, not the 
controlling factors in seed production. 
Soil Moisture and Alkali Studies 
An attempt was made to determine the relationship existing between the 
quantity of soil moisture present at burring time and alfalfa-seed yield. 
To obtain comparable data, eight farms were selected in the same soil type 
(Oasis clay). Soil was taken from eight locations on each farm. At each 
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location, three holes were driven about 10 feet apart in a somewhat rectangu-
lar position. Soil samples were taken from each foot of soil to the depth of 
7 feet. The soil was oven-dried and the moisture percentage determined. 
Soil samples were taken when the first seed burs appeared and again 
when about two-thirds of the seed burs had turned yellow. Alfalfa-seed 
samples were taken by the square-yard method from each position at which 
soil samples were obtained. Seed samples were threshed and yields ob-
tained, the data indicating a significant relationship between soil moisture 
and seed production. 
The depth of water-table was located at each location on the eight 
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Figure 3-Relationship between alfalfa-seed yield (bushels per acre) and index of friability 
on six soil types, Delta Area, 1924-32, inclusive. 
farms. The water-table was located at from six to eight positions on 56 
other farms. When comparing the depth of water-table with the yield of 
seed on each farm, there was no correlation between water-table and seed 
yield. 
The alkali concentration was also determined for each soil sample taken 
from the six or eight locations on each farm from . which other data were 
collected. Since alkali concentration changes from season to season, it was 
impossible to determine what relationship alkali might have had on seed 
yield previous to 1930. 
A simple correlation coefficient (r = 0.583 ± 0.(}115) was found be-
tween the 1932 seed yield and alkali concentration. A check on 50 farms 
showed the average alkali concentration to be 0.52 per cent in 1932; the 
alkali concentration on these same farms in 1919 was 0.536. This would 
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indicate that the alkali concentration has not changed materially since the 
area was drained. 
A different soil moisture and plant relationship exists from that pre-
vious to 1928. The evidence of this fact is based on the following assump-
tions: 
(1) Previous to 1928 at almost any location in the Delta Area there was 
a constant water-table at a depth of 6 feet or less. At the present time the 
water-table varies from 6 to 15 feet. Over the greater part of the area, 
the water-table in 1932 was found to be below 8 feet. 
(2) On all farms where soil samples were taken (except near the 
Sevier River, where there has always been natural drainage), alfalfa roots 
are dead below the 5-foot level, indicating that the same relationship between 
soil and plants does not now exist as existed when the water-table was 
higher. 
(3) The amount of water available for irrigation previous to 1928 was 
approximately 2.4 acre-feet. During 1932 and 1933, however, there was 
less than 1.5 acre-feet. Previous to 1928 from two to seven irrigations were 
applied during the growing season. During 1932 and . 1933, however, seldom 
more than two applications were possible. 
(4) With alkali concentration remaining about the same, it becomes 
more difficult for alfalfa plants to get a sufficient amount of soil moisture 
with a lowered water-table and with less irrigation water to apply. 
(5) It is probable that the shortage of irrigation water during 1931-32-
33 induced a variation in the physical structure of the soil, making it more 
difficult to handle but easier to bake and crack after application. The 
baking and cracking of the soil greatly increases evaporation. 
These changes in soil moisture conditions may have considerable to do 
with seed failure. Other investigators conclude "that disturbance of the 
balance between the moisture delivered to the stigma and the atmosphere 
moisture results in a lack of pollen germination and prevents fertilization.ml 
The increase in blasted or blighted seed in "bad" seed years may be ex-
plained by the plant's inability to furnish the proper water and food supply 
necessary to mature the seed during drought. 
Selection Work 
In the summer of 1929 alfalfa-seed was obtained from individual plants 
that burred heavily when surrounding plants had badly stripped. This 
seed was planted in the spring of 1930. In the fall of 1930 some first-
generation plants produced considerable seed, while other plants stripped 
badly. The same individual plants that produced seed in 1930 continued 
to produce seed durinK the seasons of 1931, 1932, and 1933. 
Selection of seed from "good" producing plants would indicate that 
through selection and breeding much can be done toward obtaining desir-
able plants which will produce seed even in those years which are considered 
to be "bad" seed years. The solution to the alfalfa-seed problem may finally 
be solved through a planned alfalfa-plant-breeding program. 
l1"Relation of Moisture to Seed Production in Alfalfa." By J. N. Martin. Iowa Agr. 
Exp. Sta. Rsch. Bul. 23. 1915 
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General Statement 
' As a result of alfalfa-seed investigations in Millard County, it is 
apparent that no one factor has been the cause of alfalfa-seed failure in 
this region. It would seem that the accumulation of several factors occur-
ring simultaneously were the chief cause. However, the ultimate cause, or 
causes may be determined (1) through a physiological study of the 
alfalfa plant, (2) from a statistical study of all known factors influencing 
seed production, and (3) from a more complete knowledge regarding soil 
moisture, water-table depth, and alkali concentration. The solution of the 
alfalfa-seed problem in all prouability will ultimately be solved through a 
well-planned alfalfa-breeding program. 
OTHER CROP VARIETAL STUDIES 
Wheat, Oats, Barley, Corn, and Sorghum 
The soils of the Delta Area are too heavy and the irrigation water too 
limited for general diversified farming. There is need for other crops which 
can be grown profitably until a new stand of alfalfa is established. Because 
grain does well for two or three seasons, varietal tests were conducted for 
the purpose of determining, if possible, best yielding varieties. 
Table 9-Showing annual acre-yield (bushels) for wheat, oat, and barley varieties. 
Acre-yield (bus.) 
Variety Year 
1931 1932 1933 
Wheat 
Federation 55.4 49 
Dicklow Injured 47.3 41 
Baart by 51.4 39 
01-24 (Fed. x Dick.) birds 60.7 42 
Q-80 (H. Fed. x Dick.) 52.0 40 
Q-227 (H. Fed. x Dick.) 51.0 35 
Average 53.5 42 
Oats 
Markton 30.4 95.7 / 70 
Swedish Select 27.4 83.0 64 
Idamine 25.0 90.0 64 
Victory 26.4 86.5 66 
O. A. C.114 30.3 81.4 68 
Golden Rain 23.3 79.3 70 
Some bird injury 
Average 27.1 86.0 67 
Barley 
Trebi 79.9 90.8 63 
Coast 59.5 67.8 66 
Atlas 66.0 83.5 42 
Sacramento 72.7 76.1 55 
Colorado 3192 63.2 85.0 44 
Coisess 49.3 65.3 42 
Ayerage 64.1 78.1 52 
Yields from uniform varietal tests of wheat, oats, and barley were not 
as satisfactory during the 1933 season as in previous seasons, which was 
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to be expected since in this area grain grown on the same ground longer 
than two years in succession rarely does well. Uniform varietal tests have 
been useful in determining the best varieties to grow in the Delta Area 
(Table 9). Federation wheat has proved to be the best variety of spring 
wheat; 01-24, a Federation-Dicklow cross, also does well. Trebi barley is 
evidently the best variety of barley. Markton seems to be the best variety 
of oats; however, Idamine and Golden Rain also do well. There was less 
difference in the yield of oat varieties than in those of other small grains. 
In the Delta Area fall wheat does better than spring wheat. Where irriga-
tion water is available for fall application, winter wheat should be planted. 
Corn should become increasingly more important in this region as 
farmers here tend to diversify their farming practices. Sorghums do well 
when the growing season is uI].iformly warm. Both corn and sorghums 
should become more important for silage purposes. Gooding Yellow Dent 
and Golden King are satisfactory varieties for this area. Red and Black 
Ambers have proved to be the best sorghum varieties (Table 10). 
Table 10- Showing annual acre-yield (bus.) for each corn variety and for t hose sorghum 
varieties which matured. 
Acre-yield (bus. ) 
Variety Year 
1931 1932 1938 
Corn 
Gooding Yellow Dent 46.6 45.5 50.9 
Gooding White Dent 48.5 14.7 37.3 
Gehu Flint 24.4 
-.- --- ------
Extra Early Minnesota 13 31.6 38.5 38.4 
Extra Early Rustler 40.5 
--- ---
30.9 
Extra Early Northwest Dent 22.8 . _- -_. 
.----. 
Minnesota 13 35.3 12.6 30.2 
Wisconsin 8 49.6 
------ ---- --
Wendell Yellow Dent 42.0 16.1 
------
Silver King 
--- ---
12.1 ----_. 
Golden King 
------
53.2 44.9 
Sorghum 
Dakota Amber 
------
84.0 
-.--.-
Sooner Amber 
----.. 
16.2 
-.---. 
Red Amber 
------
72.0 
------
Dwarf Yellow Milo 
-.- ---
14.5 
------
Feterita 
------
28.5 
------
Most garden cr ops do well if a good seedbed has been prepared and if 
proper care has been given to the growing crop. 
Several grasses and forage plants show promise of becoming useful 
for pasture purposes when more than three applications of water can be 
. applied. Sudan grass, crested wheat gr ass, slender wheat grass, brome-
grass (Bromus polyanthus) , Reed's canary, per ennial rye, meadow fescue, 
Early Fortune millet, Turgi millet, sweet clover, and cowpeas all show 
considerable promise. 
Alfalfa Forage Test 
Twenty-four alfalfa varieties were planted in the spring of 1932. The 
varieties were planted in 50-foot rows 2.5 feet apart. Each variety was 
replicated four times, randomized in four plats. 
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As indicated in Table 11, in 1932 warm-climate varieties produced 
more forage " during the first season. However, the following year (1933) 
the reverse was true. This was to be expected, as warm-climate varieties 
winterkill where winters are as cold as they are in the Delta Area. 
Table 11--8howing amount of cured hay per acre for one crop in 1932 and for three crops 
in 1933, a s well a s 1933 yield (on a percenta ge basis ) , with Millard County Common 
being used a s the check variety. 
Acre-yield (tons) of Cured Hay 
Variety 1933 Yield 
1932 1933 ( % )1 
Arizona 2.91 5.90 86.1 
Italian 2.74 7.35 107.3 
Dakota 12 2.65 8.06 117.7 
Hairy Peruvian 2.61 3.84 56.1 
Utah Common (Se1. 67) 2.56 7.59 110.8 
Cossack 2.50 8.38 122.0 
Dakota Common 2.44 7.90 115.0 
Utah Common (Uintah Basin) 2.39 7.20 105.2 
Utah Common (Millard Co.) 2.27 6.85 100.0 
Hardistan 2.17 8.45 123.0 
Turkistan 15754 2.13 8.62 126.0 
Grimm Sel. 26R42 2.13 7.49 109.3 
Ontario Variegated Se1. 57 2.13 6.80 99.2 
Utah Common Se1. 69 2.08 7.50 109.4 
Argentine 2.04 5.74 83.8 
Ontario Variegated 2.00 6.36 92.8 
Grimm 1.90 7.27 106.0 
Hardigan 1.90 7.35 107.0 
Ladak 1.90 7.84 114.0 
Utah Common Se1. 63 1.82 5.74 83.8 
Saskatchewan 666 (Se1. 15) 1.82 6.82 99.7 
Grimm Sel. 25 1.74 6.86 100.2 
Turkistan (34886) 0.87 4.97 72.5 
Saskatchewan 666 1.74 6.53 95.3 
lMillard County Common = 100. 
Alfalfa varieties received three irrigations during the growing season. 
In all other ways the treatments were the same. 
Hardy varieties produced more forage than the semi-hardy or warm-
climate strains. Difference in yield was great enough to be significant. 
Yield was based on the amount of dry hay after having been curE.!d for 30 
days. "The green hay was weighed as soon as cut; 5 pounds were then 
taken out and allowed to dry for 30 days. At the end of this period it was 
re-weighed and the amount of cured hay per acre calculated. Hardy strains 
showed remarkably well at the first cutting, producing from 40 to 53 per cent 
more forage than Millard County Common, the variety used as the check 
variety. The second cutting was less marked than the first, the hardy strains 
producing from 20 to 30 per cent more forage than Millard County Common. 
By the time the third cutting had matured there was a tendency for hardy 
strains to go dormant. The third-crop yield approximated that of Millard 
County Common, which was used as th~ check variety. 
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CONCLUSIONS 
A somewhat limited water-supply, but sufficient for the plant to 
function properly during blooming and seed-forming time, is apparently 
best for alfalfa-seed production. 
Cultivation is recommended only for the control of weeds and as a 
means of insect control in those areas where the majority of farmers in 
any section make a general practice of cultivating. 
Clipping at the early bud stage or pasturing until May 15 is most 
favorable for seed production. 
Growing alfalfa in hills and rows for seed production will insure 
a profit. 
Fertilizers apparently have no effect on seed production. 
Production of seed in anyone locality over a long period of years is 
due in large measure to the favorable climate possessed by the particular 
locality. While climate and weather are factors influencing seed production, 
they have not been the chief cause of seed failure in this region. 
When numerous, insects become a factor influencing seed produc-
tion. It is doubtful, however, if they are the major factor controlling 
seed production. 
Alfalfa-seed should be harvested when about two-thirds of the burs 
ha ve turned brown but before they are black. Due to careless harvest-
ing, considerable loss takes place. 
Some farms, regardless of method of production, have been more 
consistent producers of alfalfa-seed than others. Farms with medium-
textured soil have been most consistent producers of seed. 
There is a significant correlation between physical ' property of soil 
and alfalfa-seed yield. 
Soil moisture, water-table depth, and alkali concentration all play 
a part in alfalfa-seed production. A more complete study of these factors 
is needed before the underlying cause, or causes, of seed failures can be 
fully determined. 
Through selection and breeding much can be accomplished in solv-
ing alfalfa-seed failures. 
No one factor but rather the accumulation of several factors has 
been the ultimate cause of alfalfa-seed failure in Millard County. 
A physiological study of the alfalfa plant, a statistical study of all 
known factors influencing seed production, and more complete knowledge 
regarding soil moisture, water-table depth, and alkali concentration are 
r..ecess.ary before the ultimate cause, or causes, of alfalfa-seed failure are 
fully known . 
. In this region fall wheat does better than spring wheat. 
Corn should become increasingly more important, as Millard County 
farmers tend to diversify their cropping practices. 
Federation wheat, Trebi barley, Markton oats, Gooding yellow dent 
corn, and Red and Black Amber sorghums have proved to be the best 
varieties for this region. 
Winter-hardy varieties of alfalfa yield more forage than does Millard 
County Common. 
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